Sunitinib and sorafenib are novel tyrosine kinase inhibitors (TKIs) that have shown significant clinical activity in metastatic clear cell renal cell carcinoma (RCC). The activity of sunitinib and sorafenib in non-clear cell histologies has not been evaluated.
INTRODUCTION
Recent advances in understanding the biology and genetics of renal cell carcinoma (RCC) have led to major therapeutic implications. The role of the von Hippel-Lindau (VHL) gene in regulating proangiogenic factors has provided potential targets for novel agents. VHL gene inactivation, present in the majority of sporadic forms of RCC, leads to a defective VHL protein, followed by an active transcription of hypoxia-inducible genes, including vascular endothelial growth factor (VEGF), platelet-derived growth factor (PDGF), and others. 1 Many of these gene products are involved in angiogenesis, tumor progression, and survival. However, the concept of VHL inactivation in RCC and the subsequent malignant phenotype is almost exclusively seen in patients with clear cell histology, a subtype constituting more than 80% of all RCCs.
2 Trials with small-molecule VEGF and PDGF receptor inhibitors, such as sunitinib and sorafenib, have shown significant clinical activity in randomized trials in advanced clear cell RCC (CCRCC) and have largely replaced cytokines as standard of care in this disease. 3, 4 Both drugs have been approved by the US Food and Drug Administration for the treatment of metastatic RCC.
Papillary RCC (PRCC) and chromophobe RCC (ChRCC) represent the most common remaining histologic subtypes with an incidence of 7% to 14% and 6% to 11%, respectively.
5 Data are lacking regarding the activity of sunitinib and sorafenib in advanced PRCC and ChRCC because recent trials were mostly restricted to CCRCC patients.
Earlier studies with cytokines and chemotherapy agents showed minimal activity in patients with chromophobe or papillary histologies. These studies were mostly based on small series and case reports.
Moreover, less than 10% of patients with non-clear cell histologies were included on clinical trials of new investigational agents. 6 We performed a retrospective multicenter review of patients with advanced PRCC and ChRCC treated with sunitinib and sorafenib to assess the clinical features and the treatment outcome of these particular RCC histologies.
PATIENTS AND METHODS

Patients
Patients had metastatic PRCC or ChRCC tumors and underwent clinical evaluation at four different cancer centers in France (Institut Gustave Roussy, Centre Léon Bérard, Centre Hospitalier Universitaire Bordeaux, and Hopital Européen Georges Pompidou) and one cancer center in the United States (Cleveland Clinic Taussig Cancer Center) from April 2002 to December 2006. Patients received sunitinib and sorafenib as their initial tyrosine kinase inhibitor (TKI) treatment. Patients were treated as part of extended access programs to sunitinib and sorafenib (compassionate use studies) or by direct access to the drug when it became available by medical prescription.
At the time of start of TKI treatment, patients had a detailed history and physical examination, as well as baseline laboratory parameters. Also, pretreatment tumor status was evaluated with computed tomography scans of the brain, chest, abdomen, and pelvis. Data collected included standard pretreatment disease characteristics, baseline biochemical parameters, prior therapies, first date of treatment, best response to treatment including tumor measurement data when available, date of progression, and date of death or last follow-up. For response data collection, we first identified our population and then looked retrospectively at their radiologic examinations performed at baseline (before TKI initiation) and at each follow-up. We documented responses by Response Evaluation Criteria in Solid Tumors 7 and confirmed responses on two consecutive measurements at least 4 weeks apart. Patients were seen by their physician with every cycle of therapy.
Pathology Review
Histologic subtypes (pure papillary or chromophobe) were determined based on the 2004 WHO classification of renal tumors. 8 Slides were retrieved and reviewed by expert genitourinary pathologists from each corresponding institution. Patients with mixed histologies were excluded.
Statistical Analysis
Fisher's exact test and exact 2 tests were used to assess the relationship between patient characteristics and clinical response. Median survival time was defined as the time from initiation of treatment to the date of death or last follow-up. Progression-free survival (PFS) was defined from the initiation of treatment to the date of progression or death, whichever came first. Survival distributions were estimated using the Kaplan-Meier method. 9 The relationship between survival and the individual factors that were considered were analyzed using the log-rank test.
10 Clinical and pathologic characteristics that are by nature categoric, such as sex and performance status, were analyzed using the log-rank test. Biochemical parameters and other characteristics that are measured on a continuum, such as age and time from diagnosis to study entry, were also categorized for convenience.
11-13 All tests of statistical significance were two-sided. All data analyses were conducted using SAS version 8 (SAS Institute, Cary, NC).
RESULTS
Patient Characteristics
Median age for the 53 patients was 59 years (range, 24 to 83 years). Sixty-six percent of patients were male. PRCC was present in 41 patients (77%), and ChrCC was present in 12 patients (23%). All but three patients had an Eastern Cooperative Oncology Group performance status of 0 or 1, 16 (30%) of 53 patients had more than two metastatic sites, and 33 (62%) of 53 patients had received prior systemic therapy. Prior therapies included cytokines (49%), chemotherapy (23%), bevacizumab (4%), and hormonal therapy (1%). Nephrectomy was performed in 46 patients (87%). The most common sites of metastatic disease included lymph nodes (37 of 53 patients, 70%), lung (28 of 53 patients, 53%), bone (15 of 53 patients, 28%), and liver (12 of 53 patients, 23%). One patient (2%) had brain metastases. The majority of patients (33 of 53 patients, 62%) were treated with sorafenib ( Table 1) .
The overall response rate for the whole cohort was 10% (five patients; 95% CI, 3% to 21%), with all patients having partial responses. Stable disease (SD) was achieved in 36 patients (68%). Median PFS time for the whole cohort was 8.6 months (95% CI, 5.3 to 11.9 months). Median follow-up time for the patients who remained progression free was 9 months. Estimated OS time is 19.6 months, but only 40% of patients have died; therefore, this result should be viewed cautiously because of the heavy censoring in addition to the small number of patients. Toxicities from sunitinib and sorafenib were overall comparable to studies in CCRCC and included mainly fatigue, rash, and diarrhea.
Treatment Outcome per Histologic Subtype
Papillary tumors. Among the 41 patients with PRCC, 13 were treated with sunitinib. Both responders in the papillary histology subtype were treated with sunitinib. The duration of response was 12 months in one patient and 8ϩ months in the second patient. PRCC patients treated with sunitinib seemed to have a better response rate than patients treated with sorafenib (two of 12 patients v zero of 28 patients, respectively; P ϭ .08). Twenty-seven patients (68%) achieved SD more than 3 months after two cycles of therapy with either sunitinib or sorafenib. Minor responses ranging between -4% and -25% were achieved in nine patients.
PFS time was 7.6 months for PRCC patients. Clinical factors associated with PFS (P Ͻ .05) included hemoglobin and time from diagnosis to therapy (Table 2) . Additionally, patients with papillary tumors tended to have a better PFS with sunitinib than sorafenib (PFS: 11.9 v 5.1 months, respectively; P Ͻ .001; Fig 1) . This statistical significance persisted even adjusting for the other significant clinical prognostic factors.
Chromophobe tumors. Among the 12 ChRCC patients, seven were treated with sunitinib, and five were treated with sorafenib. Two patients treated with sorafenib and one patient treated with sunitinib achieved a partial response, corresponding to a response rate of 25% (three of 12 patients). SD of more than 3 months was achieved in all nine patients who did not have a response. Four of nine patients achieved minor responses ranging from Ϫ11% to Ϫ27%.
PFS time for ChRCC patients was 10.6 months. Sorafenibtreated patients tended to have a prolonged median PFS time (27.5 months). Time from diagnosis to treatment was the only factor that correlated with PFS (P ϭ .02; Table 3 ).
Outcome of Patients With Sequential Use of Sorafenib and Sunitinib or Other Anti-VEGF Agents
Two patients, both with ChRCC, were previously treated with bevacizumab and subsequently received sunitinib. Both patients achieved SD, with 19% overall tumor shrinkage in one of the patients.
Thirteen PRCC patients, initially treated with sorafenib, subsequently received sunitinib after progression. Twelve patients were assessable; six (50%) of 12 patients experienced progression after two cycles of sunitinib, one patient achieved partial response and experienced progression after 6.5 months of therapy, and five patients achieved SD. Among the five patients who achieved SD after two cycles of sunitinib, two patients experienced progression after 7 and 9.5 months. Three patients are still progression free at 3, 6, and 7 months of follow-up. One patient with PRCC who experienced progression on sunitinib and subsequently received sorafenib achieved SD after two cycles of therapy.
DISCUSSION
RCC treatment has been classically derived from clinical trials that incorporated all histologies, despite the fact that renal epithelial neoplasms encompass several histopathologic categories, based on different tumor morphology, histochemistry, cytogenetics, and molecular studies. 5 This difference translates into an apparent therapeutic divergence. For example, patients with clear cell histology tend to have a much better response to immunotherapy compared with patients with other histologies. 6, 14 Most recently, novel anti-VEGF therapies (sunitinib and sorafenib) have shown significant clinical activity in advanced RCC and have changed the standard of care in this disease. However, pivotal studies with these drugs were exclusively performed in patients with clear cell histology. The optimal therapy for papillary and chromophobe histologies therefore remains unknown.
Motzer et al 6 suggested that patients with metastatic PRCC have the worst outcome of all RCC histologies. In their series of 18 metastatic PRCC patients, median survival time was 5.5 months, and no patients survived beyond 2 years. A recent large international study reported on the outcome of 1,001 patients with metastatic RCC (82 of whom had papillary histology).
15 Five-year survival rate of papillary and clear cell subtypes was similar, in the range of 10%. Unlike CCRCC, no treatment has proven to be active in PRCC. Despite the fact that VHL inactivation and the subsequent overexpression of hypoxia-inducible genes are hallmarks of CCRCC, patients with papillary histology can still demonstrate high expression of VEGF 16 and VEGFR-2, 17 making VEGF-targeted therapy an attractive therapeutic option. One recently published case report illustrates a partial response from sunitinib and a PFS time of 8.5 months. 18 Our experience illustrates the largest public series to date in PRCC with these new agents. We found a response rate of only 5% (two responders) in patients treated with these VEGF-targeted therapies. Both responders received sunitinib, corresponding to an overall response rate of 17% in sunitinib-treated patients. Similarly, PFS seemed to be longer in the 13 patients treated with sunitinib compared with the 28 patients treated with sorafenib (11.9 v 5.1 months, respectively). Although the number of PRCC patients in our study is too small to draw definitive conclusions, the prolonged PFS from sunitinib in PRCC is comparable to the data from a large phase III trial in newly diagnosed RCC patients with clear cell histology. 3 Additionally, it is important to know that two distinct classes of PRCC exist, based on separate morphologic and 19, 20 These two classes of PRCC have different outcomes. In our study, we did not stratify patients according to these two histologic subtypes, and therefore, we may not have accounted for the natural history of the disease in papillary histology.
Regarding ChRCC, metastatic disease constitutes less than 5% of all cases and less than 1% of all metastatic RCC. Overall, advanced ChRCC carries a favorable prognosis. In a series of 12 patients with metastatic disease published by Motzer et al, 6 the median survival time was 29 months, which is significantly longer than other histologic subtypes. However, only one patient with metastatic ChRCC responded to cytokine therapy. Our data suggest that this histologic subtype may be responsive to both sunitinib and sorafenib, with an overall clinical response rate of 25% and many patients achieving disease stabilization. ChRCC, like PRCC and CCRCC, can have upregulation of VEGF and its receptor mRNA, suggesting an active regulation of the VEGF-associated angiogenic pathway in this RCC subtype and potential antitumor activity with VEGF-targeted therapy. 16 Additionally, the KIT oncogene was found specifically to be upregulated in ChRCC. 21 Both sunitinib and sorafenib inhibit KIT in biochemical and cellular assays, suggesting another potential tumoral target.
It is interesting to note that several patients who experienced progression on one anti-VEGF therapy and who were subsequently switched to another anti-VEGF therapy achieved SD and one patient achieved a partial response. Although the overall duration of follow-up was relatively short, the results support the clinical rationale for continued targeting of the VEGF and c-kit signaling pathway in non-clear cell RCC.
One of our study limitations is the lack of central pathologic review, and it is possible that this has resulted in tumor misclassification. However, within each center, patients were often reviewed by a single pathologist experienced in the classification of RCC. Conversely, the lack of centralized pathologic review perhaps makes our results more applicable to general practice. Information about tumor grade was not present in the majority of patients and could not be accounted for when looking at different histologic subtypes. However, this is not likely to affect our results because it remains controversial whether these tumors should be graded and, if so, what system to use. One study found no association between Fuhrman nuclear grading system and survival in PRCC but found a significant association with the morphologic classification previously mentioned. 22 Another limitation is the small number of patients included. However, despite this limitation and compared with older series, 6 this study remains the largest to report on therapies in PRCC and ChRCC. A prospective study with a novel TKI restricted to non-clear cell histologies would be ideal.
One of the strength of this data is the fact that we accounted for multiple known clinical prognostic factors in RCC when looking at the impact of both sunitinib and sorafenib. Although multivariate analysis could not be performed because of the small number of patients, an attempt was made to adjust for the impact of clinical prognostic factors when necessary. For example, sunitinib-treated patients were still noted to have a longer PFS than sorafenib treated patients, even after adjusting for other clinical factors.
In summary, sunitinib and sorafenib seem to be active in metastatic chromophobe kidney cancer. Sunitinib seems to be more active than sorafenib in PRCC, although responses are overall low. Additional prospective studies and clinical experience with these two histologic non-clear cell subtypes are needed.
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